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(54) • Thin film transistors 

(57) The specification describes source/drain con- 
tact material that Is compatible with organic semicon- 
ductors in thin film transistor integrated circuits. The 
contact material Is nickel/goid wherein the nickel is plat- 



ed as Nl-P on a base conductor, preferably TiNj,, by elec- 
troless plating, and the gold overiay is deposited by dis- 
placement plating. It was found, unexpectedly, that 
forming Nl/Au contacts in this way extends the lifetime 
of TFT devices substantially. 



8 
I 

UJ 
CD 



CM 
< 

U) 
CO 
O 

o 



Q. 
UJ 



Printed by 4otiv«, 75001 PARIS (FR) 



EP 1 104 035 A2 



Description 



5 



to 



IS 



20 



25 



30 



35 



40 



43 



55 



Field Of The Invention 

[OOOIl This invention relates to improvements in thin fllm transistors (TFTs). and more particulariyto improvements 
in TFT devices with organic semiconductors. 

Background Of The invention 

f^^^l ^^^I'l'^f 'C*«'^"°'°9'es have b^^^ 

CrFrs)Thechief attractions of such drcuitsstemfrom the antidpated ease of processing and compati^ 

substrates. These advantages are expected to translate into a low-cost iC technology suitable for applications such 

as smart cards, electronic tags, and displays. 

I0003J TFT devicj* are described in F. Gamier et ai.. Science. Vol. 265, pp. 1684-1686; H. Koezuka et ai.. Applied 
Physics Letters. Vol. 62 (1S),pp. 1794-1796; H. Fuchigami et al.. Applied Physics Letters. Vol. 63 (10). pp 1372-1374- 

^,^7?^^ '''H'T' °- ""^""^ synthetic Metals, Vol. 42-43, pp.' 

1127-1130. The devices descnbed in these references are based on polymers or oligomers as the active materiate in 
contraslwitf, the amorphous silicon andpolysiBconTFTstmclur^ 

T '"^"^r* ^ "^^y P^'y™^^ '^^'^ Widely for 

™ h H ""^f ■ "^^^ compatible coefHcients of themial expansion so that solder bonds, conductive 

expoxy bonds and other interconnections experience less strain than with semiconductor iC/polymer interoonnect 
substrate combinations. While metal-insulatorsemiconductor (l^iS) FET devices are most HkeJ tHnd wZpiS 
comrrieraal jp , cations. TFT devices that utilize both p-type and n-type organic active materials are also known See 
e.g U.S. Patent No. 5 315.129. S. MiyauchI et aL. Synthetio Metals, 41-43 (1991), pp. 1155-1158. disclose a junction 
FET that comprises a layer of p-type polythiophene on n-^esilfcon. -junciion 
5 o°ri . ^iT'f " "^"^ ''^^ described in U.S. Patent No. 5.596.208, issued »/lay 1 0 

1996, U.S. Patent No. 5,625,199. issued April 29, 1997, and U.S. Patent No. 5.574.291. issued Nov 12 1996 With 

Cs Srh^^^r'nlf ""T! """T'^^r ^"""^ P""^^' "^''"^''^'^ ^^'^ patents, coi^piementary 

ICS can be readily implemented, as detailed particularly in Patent No. 5 625 1 99 . ' 

[0005] WiththebasicorganicTFrtechnologynowwellestabDshed.refinem^tsinthedevicestructure8andproces8. 
r«nt1^> ,f ; P™'*'^'"^ remaining to be satisfactorily addressed is premature devtoe f aOure due to 

contamination, or poisoning, of the organic semiconductor on aging. 

Summary Of The Invention 

[0006] We have found that effective lifetimes of organfc semiconductor devices can be strongly influenced by the 
metal urgy systems ,n contactwith the organic semiconductor, and the histoiy of the metallurgy. More speciffcally we 
have found tha gold electrodes for organic semiconductor TFT devices that are processed^the co^^S'Z 

vSrirl^l rr '"^r 8°'^ "'^^^ sen^ndu^7TFTZ 

vices are fomied t^y displacement plating. A preferred contact for organk: semiconductor TFT devices Is TiNyNI/Au 

trotess nicket deposition. These TFT device stnjctures have been demonstrated to have consfclerably extended life- 
10007] Brief Description Of The Dtawlni; 

wrthlhein^emSn'"''^"'''"''^'"'"'^^ 

invdTBr circiiiL of rio. i r 

Fig. 20 Is a diagram of a TFT device with multilayer source/drain electrodes made according to the Invention; and 
Figs. 21 and 22 are plots showing Improved lifetime characteristics for the devices of the Invention. 
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Detailed Description 

[0008] A processing sequence for making TFT CMOS devices with the electrodes of the Invention Is described as 
follows In conjunction vrtth Figs. 1>19. The device used for Illustration Is a CMOS pair for the simple Inverter circuit of 
5 In Fig. 1, where n-channel TFT is designated 11 and p-channel TFT is designated 12. The p-channel transistor may 
be used as driver for the n-channel load. 

[0009] The TFT device structure used for the process illustration is the upside-down configuration that is described 
and claimed In U.S. Patent Appfication Serial No. 09/1 37,920 filed 08/20/98, which is incorporated herein by reference. 
This TFT structure offers several advantages. It can be made with simple processing. The deposition of the semicon- 

10 duclor layer occurs late in the process thus avoiding hostile process conditions such as etchants, cleaning agents, 
high temperature, etc. Importantly, the upside down structure, as described here, has Inherent electrical Isolation be- 
tween devices in a CMOS pair as well as between pairs. Moreover, the structure allows interconnection layers to be 
forrned prior to transistor formation, which feature has important advantages in some technologies. 
[001 0] Referring to Fig. 2, a portion of an IC substrate is shown at 21 . A single TFT CMOS pair will be illustrated for 

IS simplicity, but it will be understood that the single pair of devices is representative of a targe integrated array of devices. 
Also, the features shown In the figures herein are not to scale. Substrate 21 Is an insulating material such as ceramic, 
glass, or a polymer. It may be rigid or flexible, and it may comprise a standard printed circuit substrate of glass reinforced 
epoxy, or polyimrde. /Mtemath^ely it may be silicon on which an insulating layer of SiOg is grown or deposited. The first 
level metal Is shown at 22. In this Inverted structure this level Is referred to as the first level because It Is formed first 

20 but, as wilt be appreciated by those skilled in the art, it conresponds to the second or third level metal In traditional 
structures. The metal may be any of a variety of conductive materials. The common choice In standard IC technology 
' is aluminum. However, due to the nature of the structures described here the choice of conductive material can be 
made from a larger univeree than is usually considered, Including the standard materials, i.e. aluminurri.TiPdAu.TiPtAu, 
TaNjf, TIN^, Au, Ni, etc., as well as nontraditional choices most notably copper, and conductive polymers such as 

25 polyaniline and metal-containing polymer inks. The use of polymer conductors may be favored In applications where 
a degree of flexibility is desired. The chotee of deposition technique is wide since the structures at this stage in the 
processing, as contrasted with traditional IC processing at this stage, have no thermally sensitive components. Thus 
this deposition step, as well as subsequent deposition and etching steps used for fonming the two level or multi-level 
metallization interconnections, may involve significant substrate heating if that is otherwise convenient and cost effec- 

30 tive. Accordingly, the metal layer can be evaporated, or sputtered. The thtekness of the metal layer can vary widely, 
but will typically be In the range 0.05 to 2 ^m. * 
[0011] The next step, represented by Fig. 3, is to pattern the first level metallization using a lithographic mask 23. 
The mask is typically made by photolithography, but may also be formed using other forms of lithography. Other masking 
steps, to be described below, may also utilize these altematlve lithography technologies. The first metal layer Is then 

35 patterned by standard etching, e.g. plasma or RIE etching, to produce the pattem of metal runners 24 as shown in Fig. 4. 
[0012] With a wide choice of conductive materials available, it may be useful, in applications where the interconnect 
density is not large, to print the circuit directly, using screen printing, stenciling, ink jet printing, or a similar technique. 
[0013] With reference to Fig. 5, the first intertevel dielectric 25 Is formed over the first level metal pattem as shown. 
The intertevel dielectrics in the structures according to the invention may be chosen from a variety of insulating materials 

40 such as spin on glass (SOG), or Si3N4 or SiOj deposited by CVD for example. In the TFT structures described here, 
it is expected that the use of polymer materials whereverthey can be effective will be desirable, both from the standpoint 
of processing simplicity and cost, and also to produce IC strucUjres that tolerate strain. I.e. are somewhat flexible. 
Accordingly, for such applications the use of pplyimide or similar organic potyrher insulating material Is recomrhended. 
A suitable material Is a polyimide supplied by Nissan Chemical Company under the designation RN-812. This material 

45 can easily be deposited in layers with 0.1 -1 p.m thickness, which have desirable insulating properties. The application 
technique for organic insulators Is typically spin coating or solution casting. Some inorganic insulators, notably spin- 
on-glass, also share the property of convenient application. In some applications, e.g. where fine pattern dimensions 
are not required, the dielectric layer may be applied as a pattemed layer, already containing the interievel windows. 
[0014] The second level metal, 29, Is deposited over the first Interievel dielectric 25 as shown In Fig. 6. The second 

so level metal may be the same as. or may be different from, the first level metal. The second level metal is patterned In 
a manner similar to the first level using mask 31 to fomi runners 32 as shown in Figs. 7 and 8. 
[0015] The next step forms the second interievel dielectric 33 as shown In Rg. 9. This layer may be formed in a 
manner similar to layer 25. Interievel dielectric 33 is provided with through holes or windows for interievel interconnec- 
tions between the first level (24) and the gate level to be formed next. The Interievel dielectric is masked with patterned 

55 mask 34 as shown in Fig. 10. and the portion of dielectric layer 33 exposed by the opening 35 in the resist is etched 
to fonn a window to interconnect the first and gate levels. The mask opening is aGgned to metal runner 24 in the first 
level interconnection pattem. A single interievel Interconnection Is shown for simplicity, but a typical IC will have many 
such interievel interconnections. These interievel interconnections are standard, and techniques for forming the inter- 
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!k « ! ? "1"^ ^^"^""^ "^S- ' '"'^rtevel window 36 formed in the dielectric layere ™ J,d S 

Alternatively. Interlevel windows or vias can be made directly using a photodeflnable polymer SSiS^cif aTS' 

tevel rnetal be relatively refractonrto withstand the conventional implantation drive steps is elhiinated in the pio^ss 
of the invention, so the gate material can be selected from many materials, even aiunSnum or copper Howi^e 
1 e,^enence with silicon gates insulated with grown SiO^. Tantalum gates covered with TaN or'S 

. ^^"^ T '2 * 'tectrio layer 33 aidtfo 

«^ K "I" gates to the fi,^ level metal. TTe gate metal layer then patterned (Rg 

13) by Irthography to fom, gate stnictures 38 and 39. Gate 38 is interconnected on the gate level and gate 39 fe 
interconnected, in th« lilustrative arrangement, to runner 24 on the firet level. For simplicity, the metal is shown depos- 

technologies can be used for fomung the interlevel InteieonnecBons "veipiug 
[0018] The gate dielectric 41 is then fomied over the stnidure as shown in Rg. 14. The gate dielectric may be of a 
conventional oxide or nitride, or combination themof such as 200 nm SI3N, L 100 nm So7Jmay be JLo 
Z'Tt^UlZT^" T:'"': "'^'"^"■•^ "'^ - organicLuSor such%J^^^^^ 

iltemlSn K ^^'^'^'^^^ P-ly^'^^- ^"PPlied by Nissan Chemical Company under the designation SE-Tl»? 
Th« mmerial can be spun on at 4000 RPM and cured at 120 -C for 2 hours tO p Juce a coating a ilotaessof 
70 nm If desired the gate material may be polysilicon. ahd the gate dielectn-c grown as a surfSJe laye Srthe 
po^srt«on,nwhK:hcasethegatedielec.riclayer41wouldn« 

El IHf n'if 'r"" " "^^""^ ""^^ ^ ^ '''a- -"S. and the portion of gate dielectric 

LXJfo far,!! w? H ""^^ '^'^^^ ^"^"'^ °P«"i"9« 44. 45. 46. and 47 in the resisT 

etched to form a window to interconnect the source drain contacts to the second metal leOel The ma«k nnTn^™ 
aligned to metal runners 32 in the second level interconnection pattern P*"""^ 
?I "^^ P'"^' source/drain contact layer 51 is then deposited overthe structure as shown in 

rthogaph.cma8k(notshown)to define sourw electrodes 53, 54 and drain electrodes 55. 56. as sho^ 

IS well known, tt,epositlon of the source and drain electrodes should be adjacent to the gate eTe^S in tS verted 

tMh i°nisrr;''^i^i'"'''°"'^^ 

to the invention will be descnbed more fully below. 

[0021] One of the last steps In the process of the Invention, which is the first step in the traditional FET Drocess is 

- selro^dTcSof ' '^""^^ ^ ""'^^^ ^' -^^^ -terial is an organic 

[00221 A wide variety of organic semiconductors have now been developed for TFT devices. Among these are: 

i. peryleneletracarboxylic dtanhydride (PTCDA), the imide derivative off 
PTCDA; 
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H. napthalenetetracarboxylic dianhydride (NTCDA); 
iii. fluorlnated copper pthalocyanine; 
Iv. a-sexithiophene; 

V tetracene or pehtacene, or end substituted derivatives thereof- 
vf. oligomers of thiophene with the degree of ollgomerization 

^4 and S 8, linked via the 2- and 5-carbons; 
vil. alternating co-ollgomers of thienylene and vinylene, with 

thiophenes as terminal groups and 3-6 thiophene rings, linked 

via their 2- and 5-carbons; 
viil. linear dfrners and trimers of benzo[1 , 2>b: 4, 5>bl dithiophene; 
ix. oligomers of v. and vi. with substituents (e.g., alkyi substltuents 

with 1 -20 carbons) on the 4- or S^arbon of the end thiophenes- 
X. regloregular poly(thlophene)s. 
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[0023] Both p- and n-type materials are contained in this list and can be combined as needed for complementary 
ICS. In the development of this invention the material for the p-channel TFT devices was a-sexithiophene, and the 
material for the n-channel devices was copper hexadecafluorophthalocyanine (FiqCuPc). 
[0024] if necessary, the device can be sealed using a passlvating layer 71 as shown in Rg. 19. 

5 [0025] The source and drain electrode material according to the invention is a layered structure comprising niclcel 
and gold layers, preferably fonned over TIN^. A device structure, with multilayer sou rce/drain contacts according to.the 
invention, is shown schematically in Rg. 20. Substrate 81 has gate electrode 82 formed on the surface and gate 
dielectric 83 fomied over the gate electrode. The organic semiconductor 84 In this embodiment is a blanket layer over 
the gate dielectric and source and drain electrodes. The source and drain electrodes comprise TiN^ base 85, nickel 

10 layer 86, and gold layer 87. The TiN, layer may be fonned by conventional deposition, e.g. reactive sputtering. The 
thickness of the source and drain contacts, as well as the thickness of the organic semiconductor layer 84 is relatively 
unimportant since the field effect occurs at the interface between layers 83 and 84. A thickness in the range 30-100 
nm is suitable for these layers. The TiN,( layer may be patterned by conventional photolithography, i.e. coating the TiN^ 
layer with a photoresist, exposing the photoresist to actinic radiation to produce a photomask in the pattern of the 

15 source and drain electrodes, etching the TiN^ layer to produce a source/drain electrode layer, and removing the pho- 
tomask typically by ashing in a nitrogen plasma. The surface of the TIN^ base layer is also cleaned by exposure to a 
plasma. The conventional cleaning plasma contains oxygen. It is important that the plasma for the cleaning operation 
in this'process be substantially oxygen free. Formation of TlOs or a titanium oxynltrida, which occurs on exposure of 
TlNx to an oxygeh-containing plasma, Is not compatible with subsequent processing. Plasrna cleaning In a nitrogen 

20 plasma is therefore preferred. After cleaning, the TlNj^ is sensitized with a catalyst, preferably a palladium salt, such 
as PdCl2, in HCI. PdS04, or other suitable Pd compound may also be used. The sensitized TiN^ base layer is then 
plated using eiectroless nickel. A suitable nickel plating operation is g'tven in the following example. 

EXAMPLE I 

25 

[0026] A sensitizer solution is prepared by hejaling a 0.02N HCI solution to 50*C and adding. PdClg (99.9%). while 
stirring, to produce a 6g/L solution. The solution Is filtered through a 0.2 \im nylon filter The TIN^ patterned substrates, 
after cleaning In a nitrogen plasma, are immersed In the sensitizer solution for 5 minutes at ambient temperature, 
followed by rinsing in deionized water. The activated tlN^ is then plated by immersion of the substrate in the eiectroless 

30 plating solution for 30 s at 86 *C. 

[0027] Eiectroless nickel processing is well developed and widely used in industry. Deposition is typbally performed 
in an add phosphorus bath which produces a deposit with high conducth/ity, excellent uniformity, high hardiiess, and 
good adhesion to overplated materials. Eiectroless plating baths are characterized by the presence of a chemical 
reducing agent, usually alkali hypophosphlte. and most commonly sodium hypophosphlte, NaHgPOg. Alternative chote- 

35 es for reducing agents are sodium borohydride and dimethylamine-borane [(CH3)2NHBH3] which deposits a Ni-B alloy. 
An effective nickel eiectroless plating solution, which deposits as a NiP alloy, is Type 4024 available from Fidelity 
Chemical Products Corp. Another effective eiectroless ntekel plating solution which deposits as a NIP alloy is given in 
the following table. 



TABLE 1 



Nfckel sulfate (for N*r^) 


28 gA. 


Sodium acetate (buffer) 


17g/L 


Sodium hypophosphlte (reducing agent) 


24 gA. 


Lead acetate (stabilizer) 


0.001 5 g/L 


pH 


4.4-4.6 


Temperature 


82-88 X 



[0028] The thickness of the eiectroless nickel layer for this applfcation Is preferably in the range 0.2-1 .0 jim. 
50 [00291 Th® top lay©'' of the multilayer contact is formed by displacement gold plating. Displacement plating is char- 
acterized by the absence of a reducing agent in the bath. The plating mechanism Is by electro-kinetic displacement of 
gold for nickel in the surface layer of the nfckel layer. It is facilitated by the surface porosity of the nickel, producing an 
upper gold layer with a thickness that is essentially self-limiting, and a lower gold*Ni intemnetallic layer with a thk:kness 
which grows with time. 

55 [0030] A suitable displacement plating bath for the gold layer is 8.40% potassium aurocyanlde in 36.45% ammonia, 
and is available from Technic, Inc. as OROMERSE N. A suitable procedure is given in the following example. 
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EXAMPLE II 

[0031 J OMERSE N displacement gold solution Is placed In a glass container The pH of the solution Is adjusted to 
5.0-5.5 using ammonia, and heated to a temperature In the range 60 - 70 •C using an Immersion heater. The solution 
Is preferably agitated while the substrates being plated are immersed. The gold layer plates at approximately 0.005 • 
0.0075 Jim /min. A layer thickness of 0.01 - 0.1 jim is suitable for the invention. 

[0032] TFT devices produced in accordance with the invention show vastly improved aging characteristics over de- 
vices with electrodes formed by conventional techniques. This was demonstrated by aging experiments and the data 
is given in Figs. 21 and 22. In Rg. 21 the oscillation period is plotted as a function of time. Fig. 22 gives data correlating 
the oscillation frequency with operating time. By contrast, devices with electrodes produced by conventional processing 
showed failures after just a few minutes of continuous operation. 

[0033] An optional approach to the TiN^I/Au multilayer is to eliminate the TiN^ layer and instead selectively apply 
a sensitizing layer directly to the dielectric surface. A recommended sensitizing layer is carbon containing a suitable 
catalyst such as Pd. Particulate carbon, containing particulate Pd, in a suitable binder or ink canier can be applied 
selectively by an additive technique such as screen printing, ink jet printing, contact printing, mteroprinting, or the like. 
[0034] The TFT structure described and produced by the foregoing sequence of steps Is but one form of TFT to 
which the invention can be applied. An altemathre is a conventional MOS transistor structure in which the organic 
semiconductor is the substrate, the source and drain electrodes are applied to the organic semiconductor substrate, 
the gate dielectric Is fomied on the organic semiconductor substrate, and then the gate electrode Is formed. 
[0035] Another alternative transistor structure for TFT devices Is a modified fomi of J-FET with n-type and p^type 
layers together fonning a p-n junction. A gate controls the pinch-off of the channel between source and drain. 
[0036] As indicated eartier, the features in the figures are not necessarily to scale. The dimensions of the active 
devices, i.e. the TFTs, can be made very small using fine line techniques. In partfcular, the source-to-drain spacing 
can be 5 nm or less. At these small dimensions a single polymer chain, or a few organic molecules span the source- 
to-drain distance. With such an IC technology, it is possble to achieve extremely high integration densities. The mo- 
lecular nature of organlc/polymer semiconductors allows the size of such transistors to shrink to such smafl dimensions, 
and also enables effective isolation between individual transistors. The dimensions of some of the interconnections! 
e.g. power and ground interconnections, may be significantly larger than those that appear in the figures. 
[0037] The process sequence shown above for making the CMOS inverter circuit has three metal levels, partly to 
show the potential of the process for making more complex circuits. It will be evident to those skilled in the art that the 
simple inverter of Rg. 1 can be made with two levels of Interconnect if the n- and p-devices are property arranged for 
negative and positive supply busses on the same level. 

[0038] As known by those skilled in the art. the nickel layer described at several places above, when fomied by 
electroless plating. Is typically a Nl alloy, preferably an alloy of phosphorus. Reference to nickel layers herein, and In 
the appended claims, is intended to refer to this f omi of nickel. 

[0039] Various additional modifications of this invention will occur to those skilled in the art. All deviations from the 
specific teachings of this specification tiiat basically rely on the principles and their equhralents through which the art 
has been advanced are property considered within the scope of the invention as descrtoed and claimed. 



Claims 

1 . A method for manufacturing an Integrated circuit thin film transistor devk:e comprising: 

a. preparing a substrate, said substrate comprising an organic semiconductor material, 

b. forming a plurality of field effect thin film transistors on said substrate said plurality of thin film field effect 
transistors made by the steps comprising: • 

1 . fonmlng a source electrode on said substrate, 

2. forming a drain electrode on said substrate and spaced from said source electrode leaving a channel 
location therebetween, 

3. depositing a dielectric layer covering both saki source electrode and said drain electrode, and 

4. forming a gate electrode overlying said channel locatton, 
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the invention characterized in' that the source and drain electrodes are formed by the steps of: 

i. forming a patterned conductive base iayer to define the area of the source and drain electrodes, 

ii. depositing a layer of nickel on said patterned conductive base layer by eiectroless plating, and 
fii. depositing a layer of gold on said layer of nickel by displacement plating. 

2. The method of claim 1 wherein the base layer Is TlNy. 

3. A method for the manufacture of an Integrated circuit thin fUm transistor device comprising the steps of: 

a. depositing an electrically conductive iayer on an Insulating substrate. 

b. lithographically patterning said electricaliy conductive layer to form an interconnect circuit, 
C. depositing an insulating layer over said interconnect circuit, 

d. fomilng 'a plurality of thin film field effect transistors on said insulating layer, said plurality of thin film field 
effect transistors made by the steps of: 

1 . fomning a field effect transistor gate, 

2. forming a gate dielectric layer over said field effect transistor gate, 

3. forming spaced apart source and drain electrodes, and 

4. forming an organic semtoonductor layer between said source and drain electrodes. 

e. intepBonnecting said field effect transistor gate to said interconnect circuit, 

the invention characterized In that the source and drain electrodes are formed by the steps of: 

I. fonnlng a patterned conductive base layer to define the area of the source and drain electrodes. 

ii. depositing a layer comprising nickel on said patterned conductive base layer by eiectroless platirig, arid 

iii. depositing a layer of gold on said layer of nickel by displacement plating. 

4. The method of claim 3 wherein the conductive base layer is TiN^. 

5. A method for the manufacture of an Integrated circuit thin film transistor. device comprising forming a plurality of 
thin film field effect transistors on an insulating layer, said plurality of thin film field effect transistors comprising a 
source electrode, a drain electrode, a gate electrode, and an organic senniconductor active layer, said source and 
drain electrodes made by the steps of: 

a. forming a patterned conductive base layer to define the area of the source and drain electrodes, 

b. depositing a layer comprising nickel on said patterned conductive base layer by eiectroless plating, and 

c. depositing a layer of gold on said layer of nickel by displacement plating. 

6. A method for tiie manufacture of an integrated circuit thin film transistor device comprising forming a plurality of 
thin film field effect transistors on an insulating layer, said plurality of thin film field effect transistors comprising a 
source electrode, a drain electrode, a gate electrode, and an organic semiconductor active layer, said source and 
drain electrodes made by the steps of: 

a. depositing a TIN^ layer, 
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b. coating said TiN, layer with a photoresist, 

c. exposing said photoresist to actinic radiation to produce a photomasic in the pattern of said source and drain 
electrodes, 

d. etching said TIN,^ layer to produce a source and drain electrode layer, 

e. removing said photomask, 

f . cleaning said source and drain electrode layer by exposing said layer to an essentially oxygen-free plasma, 

g. depositing a layer comprising nickel on said patterned conductive base layer by electraless plating, and 

h. depositing a layer of gold on said layer of nickel by displacement plating. 
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FIG. 12 
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FIG. 21 
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